runoff from snowmelt and streamflow was set to 100 mg liter-1, about half the concentration in five modem spring-fed streams in the upland drainage. In ground water, TDS was set to 2100 mg liter-1, on the basis of an average of five water wells nearest the zone of ground-water discharge. The groundwater discharge rate was set to 1.25 
Spatiotemporal Patterns in the Energy Release of Great Earthquakes Barbara Romanowicz
For the past 80 years, the energy released in great strike-slip and thrust earthquakes has occurred in alternating cycles of 20 to 30 years. This pattern suggests that a global transfer mechanism from poloidal to toroidal components of tectonic plate motions is operating on time scales of several decades. The increase in seismic activity in California in recent years may be related to an acceleration of global strike-slip moment release, as regions of shear deformation mature after being reached by stresses that have propagated away from regions of great subduction decoupling earthquakes in the 1960s.
The contributions of toroidal and poloidal components of global tectonic plate motions are about equal (1) . The poloidal component, associated with upwelling and downwelling currents, is directly related to density variations in the deep mantle. The toroidal component, which represents horizontal shearing, exists primarily because of the presence of the rigid lithospheric plates and the associated heterogeneity in rheology. In addition to aseismic motions, which are difficult to observe, the poloidal component is expressed in thrust and normal faulting and the toroidal one, in strike-slip earthquakes. Yet the temporal pattern of seismic energy release is dominated by that of great thrust earthquakes, which are more than one order of magnitude larger than the largest strike-slip earthquakes. The contribution of the latter has therefore largely been ignored in analyses of temporal patterns of global seismic moment release.
In this report, I examine the spatiotemporal distribution of great shallow earthquakes since 1920 by taking into account the fault geometry and, as a first approximation, by considering two classes of earthquakes separately: strike-slip and subduction zone thrust earthquakes. Data The total seismic energy release is dominated by that of the largest or "great" earthquakes (3, 6) . The release by earthquakes has decreased significantly in the past 20 years (5). Great earthquakes, as defined by their magnitude or seismic moment, are dominated by subduction zone decoupling events. A more physical definition, from the point of view of plate tectonics, is to consider all decoupling earthquakes, that is, those that rupture the brittle zone in its entire thickness. For strike-slip earthquakes, the saturation of the downdip width of the fault occurs when it is commensurable with the thickness of the brittle zone (-10 to 25 km). The corresponding change of scaling observed for this type of earthquake is for moments of 0.6 x 1020 to 1 .0 x 1020 N-m (12) . For subduction zone events, on the global scale, such a limit is more difficult to define, in that saturation widths vary from region to region (from 50 km to more than 250 km) (13). On average, however, the downdip width of a decoupling earthquake will be at least five to ten times that for a strike-slip event. The temporal pattern of moment release (MR) during the last century is dominated by definition for great events (listed in Table  1 ). For thrust events, this definition is more restrictive than in earlier studies (3) .
The accuracy of moment estimates, especially for historical earthquakes, has been the subject of debate (3, 5, 14) . Even for the recent largest earthquakes, a discrepancy in moment of a factor of 2 between different studies is not uncommon (5) . This is, as discussed below, not a serious problem in my analysis. For earthquakes before the 1950s, moment has often not been measured directly but rather has been inferred from the reported magnitude. As for mechanisms, they have been assigned on the basis of indications given in the catalogs. A number of large earthquakes, primarily before the 1940s, have uncertain mechanisms. I arbitrarily assigned mechanisms to them, according to the prevailing mechanisms in the region in which they occurred and the current plate tectonic configuration. More accurate estimates of moment and mechanism are available for the past 20 years. For this reason, I initially analyzed the CMT catalog, complementing it thereafter with the PS catalog.
The cumulative MR by strike-slip earthquakes in the past 15 years, as obtained from the CMT catalog, shows an acceleration in MR since 1987 (Fig. 1A) . This is due to the contribution of eight strike-slip earthquakes of moment larger than 1 x 1020 N-m that occurred between 1987 and (Fig. 1B) , confirms the trend already noted for the time period from 1977 to 1991 based on the CMT catalog, the rate of MR being low from 1960 to 1986. Two earlier periods of accelerated MR are evident, one around 1940 and the other at the beginning of the century. The former is due to six strikeslip events of moment greater than 5 earthquakes, as given in the PS catalog (Fig.  IC) , shows one clear period of accelerated MR around 1960. This period is well documented (3, 11) and is due primarily to five subduction zone decoupling events, each of MO > 100 x 1020 N-m (Table 1) . This period falls largely between periods during which strike-slip activity was enhanced. A plot (Fig. 2) of the ratio of MR in strike-slip earthquakes with respect to the total MR, for the period from 1920 to 1991, further illustrates the alternation of MR in great strike-slip and thrust events. The two main periods of accelerated MR in strikeslip earthquakes are also periods in which this ratio increased by a factor of 2 or more. Although the two great normal faulting events (Table 1) were included in this comparison, the observations remain robust if these events are removed.
The geographical distribution of MR, for four consecutive 20-year periods of strikeslip (Fig. 3 , A to D) and thrust events (Fig.  3 , E to H), reveals several patterns. The concentration of great thrust events from 1950 to 1970 primarily covers the Pacific plate boundary between Japan and Alaska. Since 1970, the occurrence of large strikeslip earthquakes may represent a continuation of Mogi's (11) progression pattern along the Pacific plate boundary, toward the northeast and the southwest, to cover the remaining nonspreading parts of this boundary. This pattern is indicative of a process of stress transfer along adjacent plate boundaries with a rate of several thousand kilometers in 10 to 20 years, in good agreement with the concept of accelerated plate tectonics (15, 16) in which stresses can be transferred over large distances in an elastic lithosphere underlain by a viscous asthenosphere.
The second trend evident in Fig. 3 is the occurrence, during periods of accelerated strike-slip MR, of great earthquakes at locations far removed from the western Pacific plate boundaries, such as in the Azores and the south Indian Ocean. These patterns are suggestive of a global coupling phenomenon involving stress transfer from poloidal to toroidal motion. The transfer would have to be rapid and followed by a period of maturing in regions of toroidal energy release. Whether the excitation mechanism is internal (ridge push, slab pull) or external [for example, Earth's rotation (3, 8) ] and whether it has any periodicity remain to be determined, but the observed time scale of the process, associated with increased accuracy in the quantification of earthquakes, raises the hope that improved understanding could be gained in the next 20 years.
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